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Computerized Instruct ion and the  Learning Process’ 

Richard C.  Atkinson 

I n  recent years there  has been a tremendous number of a r t i c l e s  and 

news releases  dealing with computer-assisted ins t ruc t ion  ( C A I )  One might 

conjecture t h a t  t h i s  pro l i fe ra t ion  i s  an indicant of rapid progress i n  the  

f i e ld .  Unfortunately, I doubt that  it is. A f e w  of the repor t s  about CAI 

are based on subs tan t ia l  experience and research, but the majority are 

vague speculations and conjectures w i t h  l i t t l e  i f  any data or r e a l  experi- 

ence t o  back them upD I do not want t o  underrate the  role of speculation 

i n  a newly developing area l i k e  C A I ,  However, of la te  it seems t o  have 

produced l i t t l e  more than a repe t i t ion  of ideas t h a t  were exci t ing i n  the 

1950’s but, i n  the absence of new research, a r e  becoming tiresome and m i s -  

leading i n  the  l a t e  1960’ s. 

These remarks should not be misinterpreted- Important and s igni f i -  

cant research on C A I  i s  being conducted i n  many labora tor ies  around the 

country, but cer ta in ly  not as much as one i s  led  t o  believe by the  at ten-  

dant publ ic i ty-  The problem f o r  someone t ry ing  t o  evaluate developments 

i n  the  f i e l d  i s  t o  dis t inguish between those repor t s  t h a t  are based on 

f a c t  and those t h a t  are disguised forms of science f i c t i o n ,  I n  my talk 

today, I s h a l l  t r y  t o  s t ay  very close t o  data  and ac tua l  experience, My 

claims w i l l  be less grand than man.y tha t  have been made f o r  CAI,  but they 

w i l l  be based on a subs tan t ia l  research e f f o r t ,  

’Invited address presented a t  meetings of the American Psychological 
Association, Washington, D O C a ,  September, 1-967~ 

1 



I n  1964 Pat r ick  Suppes and I i n i t i a t e d  a project  under a grant  from 

the  Office of Education t o  develop and implement a CAI  program i n  i n i t i a l  

reading and mathematics, 

Suppes has taken r e spons ib i l i t y  f o r  the  mathematics curriculum and I have 

been responsible f o r  the  i n i t i a l  reading program. 

the  project ,  two major hurdles had t o  be overcome. 

mater ia l  i n  e i t h e r  mathematics o r  reading su i tab le  f o r  CAI,  and an in te -  

grated C A I  system had not ye t  been designed and produced by a s ingle  

manufacturer. The development of the  cur r icu la  and the development of 

the  system have been car r ied  out as a p a r a l l e l  e f f o r t  over the  last  three  

years w i t h  each having a decided influence on the  other ,  

Because of our pa r t i cu la r  research in t e re s t s ,  

A t  t h e  beginning of 

There w a s  no-lesson 

Today I would l i k e  t o  report  on the  progress of t he  reading program 

with pa r t i cu la r  reference t o  the  past  school year when f o r  the  first time 

a s izable  group of children received a maJor port ion of t h e i r  da i ly  

reading ins t ruc t ion  under computer control.  

must be considered e s sen t i a l ly  as an extended debugging of both the  com- 

pu$er system and the curriculum materials.  Nevertheless, some in t e re s t ing  

coments can be made on the bas i s  of t h i s  experience regarding both the 

The first y e a r v s  operation 

f e a s i b i l i t y  of CAI  and the  impact of such ins t ruc t ion  on the  overa l l  

learning process, 

Before describing the  Stanford Project,  a f e w  general  remarks may 

help place it i n  proper perspective.  Three l eve l s  of CAI: can be defined, 

Discrimination between l eve l s  i s  based not on hardware considerations, but 

pr inc ipa l ly  on the  complexity and sophis t icat ion of the  student-system 

interact ion.  An advanced student-system in te rac t ion  may be achieved w i t h  

a simple te le type  terminal and the  most primitive i&er&tion may require  
5 

J'5 '> 
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some highly sophisticated computer programming and elaborate student 

terminal devices. 

A t  the  simplest in te rac t iona l  l eve l  are those systems t h a t  present a 

fixed, l i n e a r  sequence of problems. Student e r ro r s  may be corrected i n  a 

var ie ty  of ways, but no real-time decisions are made f o r  modifying the  

flow of ins t ruc t iona l  material as a function of t he  s tudent 's  response 

his tory.  Such systems have been termed "dril l-and-practice" systems and 

a t  Stanford University are exemplified by a se r i e s  of fourth, f i f t h  and 

s ix th  grade programs i n  ari thmetic and language arts tha t  a re  designed t o  

supplement classroom ins t ruc t ion-  These par t icu lar  programs are being 

useed i n  several  d i f fe ren t  areas of California and a l so  i n  Kentucky and 

Mississippi, a l l  under control  of one cent ra l  computer located a t  Stanford 

University. Currently as many as 2000 students are being run per day; it 

requires  l i t t l e  imagination t o  see how such a system could be extended t o  

cover the  e n t i r e  country, Unfortunately, I do not have time t o  discuss 

these dr i l l -and-pract ice  programs today, but there  a re  several  recent 

repor t s  describing t h e  yesearch (Suppes, 1966; Suppes, Jerman, and Groen, 

1966; Fishman, Keller,  and Atkinsonn, 1967) 

A t  t he  o ther  extreme of our scale  characterizing student-system 

in te rac t ions  are "dialogueT9 programs. Such programs are under investiga- 

t i o n  a t  several  universi3ies and indus t r i a l  concerns, but t o  date progress 

has been extremely l imited.  The goal of t he  dialogue approach i s  t o  pro- 

vide the r iches t  possible student-system in te rac t ion  where the student i s  

f r e e  t o  construct natural-language responses, ask questions i n  an unre- 

s t r i c t e d  mode, and i n  general exercise almost complete control  over the 

sequence of learning events. 
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Tutorial' ' programs l i e  between the above extremes of student-system I f  

interact ion,  Tutor ia l  programs have the capabi l i ty  for real-time decision- 

making and in s t ruc t iona l  branching contingent on a s ingle  response o r  on 

some subset of the  s tudent 's  response his tory.  Such programs allow stu- 

dents t o  follow separate and diverse paths through the  curriculum based on 

t h e i r  pa r t i cu la r  performance records. 

r i a l  program t h a t  no two students w i l l  encounter exact ly  the  same sequence 

of lesson materials, However, student responses are g rea t ly  r e s t r i c t e d  

since they must be chosen from a prescribed s e t  of responses, or constructed 

i n  such a manner that a r e l a t ive ly  simple t e x t  ana lys i s  w i l l  be suf f ic ien t  

f o r  t h e i r  evaluation, 

i s  t h i s  l e v e l  of student-system in te rac t ion  tha t  1 want t o  ta lk  about tod8y. 

The probabi l i ty  i s  high i n  a tuto-  

The CAI  Reading Program is  t u t o r i a l  i n  nature and it 

The Stanford CAI System 

The Stanford Tutor ia l  System w a s  developed under a contract  between 

Subsequent developments by Stanford University and the IBM Corporation. 

IBM of t he  basic  system have led  t o  what has been designated the  IBM-1500 

Ins t ruc t iona l  System which should soon be commercially avai lable .  The 

basic  system cons is t s  of a cent ra l  process computer w i t h  accompanying disc- 

storage uni t s ,  proctor s ta t ions ,  and an interphase t o  16 student terminals. 

The cen t r a l  process computer a c t s  as an intermediary between each student 

and h i s  pa r t i cu la r  course material which is  stored i n  one of the disc- 

storage uni t s .  

cathode ray  tube (CRT), a light-pen, a modified typewriter keyboard, and 

an audio system which can play pre-recorded messages. 

A student terminal cons is t s  of a p ic ture  projector,  a 
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Figure 1. System configuration f o r  Stanford CAI System, 
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The CRT i s  e s sen t i a l ly  a t e l ev i s ion  screen on which alpha-numeric 

characters  and a l imi ted  s e t  of graphics ( i o e o ,  simple l i n e  drawings) can 

be generated under computer control ,  

project ion device which permits us t o  display s t i l l  p ic tures  i n  black and 

white o r  color. Each f i lm  s t r i p  i s  s tored i n  a self-threading car t r idge 

and contains over 1000 images which may be accessed very quickly under 

computer control .  The student receives audio messages v i a  a high-speed 

device capable of se lec t ing  any number of messages varying i n  length from 

a few seconds t o  over 1 5  minutes. The audio messages a r e  stored i n  tape 

car t r idges  which contain approximately two hours of messages and, l i k e  

the  f i l m  car t r idge,  may be changed very quickly. To gain the  s tudent ' s  

a t ten t ion ,  an arrow can be placed a t  any point on the  CRT and moved i n  

synchronization w i t h  an audio message t o  emphasize given words or phrases, 

much l i k e  the  "bouncing ba l l "  i n  a singing cartoon. 

The major response device used i n  t h e  reading program i s  the  l i g h t  

The f i lm  projector  i s  a rear-view 

pen, which is  simply a l i gh t - sens i t i ve  probe- When t h e  l i g h t  pen is 

placed on the  CRT, coordinates of the  posi t ion touched a re  sensed as a 

response and recorded by the  computer, Responses may a lso  be entered i n t o  

the  system through the  typewriter keyboard. However, only l imi ted  use has 

been made of t h i s  response mode i n  the  reading program, 

minimize the  value of keyboard responses, but r a t h e r  t o  admit t h a t  we have 

not as ye t  addressed ourselves t o  t h e  problem of teaching f i r s t -grade  

chi ldren t o  handle a typewriter keyboard, 

This i s  not t o  

The CAI System controls  t he  flaw of information and the  input of stu- 

dent responses acaording t o  the  in s t ruc t iona l  l og ic  b u i l t  i n to  the  cmricu-  

lum. The sequence of events i s  roughly as follows: The computer assembles 
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the  necessary commands for a given ins t ruc t iona l  sequence from a disc- 

storage uni t .  The commands involve d i rec t ions  t o  the  terminal device t o  

display a given sequence of symbols on the  CRT, t o  present a par t icu lar  

image on the  f i lm  projector,  and t o  play a spec i f ic  audio message. 

the  appropriate v i sua l  and auditory materials have been presented, a 

"ready" s ignal  ind ica tes  t o  the  student t h a t  a response i s  expected, 

a response has been entered, it i s  evaluated and, on the basis of t h i s  

evaluation and the  s tudent ' s  past  history,  the computer makes a decision 

as t o  w h a t  materials w i l l  subsequently be presented. The time-sharing 

nature of the  system allows us t o  handle 16 students simultaneously and t o  

cycle through these evaluative s teps  so rapidly tha t  from a s tudent ' s  

viewpoint it appears t h a t  he i s  ge t t ing  immediate a t t en t ion  from the  com- 

puter whenever he inputs a response. 

After 

Once 

The C A I  Reading Curriculum 

The f l e x i b i l i t y  offered by t h i s  computer system i s  of value only i f  

the  curriculum materials make sense both i n  terms of the  log ica l  organiza- 

t i o n  of t he  subject matter and the  psychology of t h e  learning processes 

involved. Time does not permit a discussion of t he  ra t iona le  behind the  

curriculum materials t ha t  we have developed. Let me simply say t h a t  our 

approach t o  i n i t i a l  reading can be characterized as applied psycholin- 

gu i s t i c s .  

t o  read have been formulated on the  basis of l i n g u i s t i c  information, obser- 

vations of language use, and an analysis  of the  function of the wr i t ten  

code. These hypotheses have been t e s t ed  i n  a series of p i l o t  s tud ies  

s t ructured t o  simulate ac tua l  teaching s i tua t ions .  On the bas i s  of these 

experimental findings, the  hypotheses have been modified, re tes ted,  and 

7 
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ultimately incorporated in to  the curriculum as  pr inciples  d ic ta t ing  the 

format and flow of t he  ins t ruc t iona l  sequence. Of course, t h i s  statement 

i s  somewhat of an idealization, since very l i t t l e  curriculum material  can 

be said t o  have been the  perfect end-product of rigorous empirical evalua- 

t i on .  We would claim, however, that the fundamental t ene ts  of the Stanford 

reading program have been formulated and modified on the  bas i s  of consid- 

erable empirical evidence. 

modified as more data accumulateso 

There i s  no doubt t h a t  these w i l l  be fur ther  

The ins t ruc t iona l  materials a r e  divided in to  eight leve ls  each com- 

posed of about 32 lessonsO2 

student w i l l  complete one i n  approximately 30 minutes, but t h i s  can vary 

grea t ly  w i t h  the  fast student f inishing much sooner and the slow student 

sometimes taking two hours o r  more i f  he h i t s  most of the remedial material. 

Within a lesson, the  various ins t ruc t iona l  tasks  can be divided in to  three 

broad areas:  

other motivational devices. Decoding s k i l l s  involve such tasks as  l e t t e r  

and l e t t e r -  s t r i n g  ident i f ica t ion ,  word l i s t  learning, phonic d r i l l s ,  and 

re la ted  types of a c t i v i t i e s .  Comprehension involves such tasks  a s  having 

the  computer read t o  the  chi ld  o r  having the chi ld  himself read sentences, 

paragraphs or complete s t o r i e s  about which he i s  then asked a se r i e s  of 

questions. 

t i ons  about main ideas  i n  the  story, and in fe ren t i a l  questions which 

require the  ch i ld  t o  r e l a t e  information presented i n  the  s tory  t o  h i s  own 

e-xperience. Finally,  many d i f f e ren t  types of games a re  sequenced in to  

the  lessons primarily t o  encourage continued a t t en t ion  t o  the materials.  

The lessons a re  designed so tha t  the  average 

1) decoding sk i l l s ,  2) comprehension ski l ls ,  3) games and 

The questions deal  w i t h  the  d i r ec t  r e c a l l  of fac ts ,  generaliza- 

2For a de ta i led  account of t he  curriculum mater ia ls  see Rodgers (1967) 
and Wilson and Atkinson (1967) a 
Hansen (1966) and Hansen and Rodgers (1965) 

See a l so  Atkinson (1967) Atkinson and 
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The games a re  similar t o  those played i n  t he  classroom and a re  s t ructured 

t o  evaluate the  developing reading s k i l l s  of t he  child.  

To give you some f e e l  f o r  the  in s t ruc t iona l  materials,  l e t  me describe 

one of t he  decoding tasks .  

construction'' provides prac t ice  i n  learning t o  associate  orthographically 

similar sequences with appropriate rhyme and a l l i t e r a t i o n  pat terns .  

ing pa t te rns  a r e  presented i n  the columns of the  matrix and a l l i t e r a t i o n  

pa t te rns  a r e  presented i n  the  rows of the matrix as i l l u s t r a t e d  i n  the  

lower left-hand panel of Figure 4. 

T h i s  t a sk  which goes by the  t i t l e  "matrix 

Rhym- 

The matrix i s  constructed one c e l l  at  a time, The i n i t i a l  consonant 

of a CVC word is  termed the  i n i t i a l  un i t  and the  vowel and the  f i n a l  con- 

sonant a r e  termed the f i n a l  un i t .  The in te rsec t ion  of an i n i t i a l  un i t  row 

and a f i n a l  un i t  column determines the  en t ry  i n  any given c e l l ,  

The problem format f o r  t he  construction of each c e l l  i s  divided in to  

four  pa r t s :  P a r t s  A and D a r e  standard in s t ruc t iona l  sect ions and Par t s  

B and C a r e  remedial sect ions,  

remedial Par t s  B and C a r e  branches from Par% A and may be presented inde- 

pendently o r  i n  combination, 

The flow diagram i n  Figure 2 indicates  t ha t  

To see how t h i s  goes, l e t  us consider the  example i l l u s t r a t e d  i n  Fig- 

ure 3 .  The student f i r s t  sees on the CRT the  empty c e l l  w i t h  i t s  associ-  

a ted  i n i t i a l  and f i n a l  u n i t s  and an a r r ay  of response choices, 

the  audio message indicated by response request 1 (RR 1) i n  Par t  A of Fig- 

ure  3. 

w i t h  h i s  l i g h t  pen) he proceeds t o  Part  D where he sees the  word wr i t ten  

i n  the  c e l l  and receives  one addi t ional  prac t ice  t r i a l .  

He hears 

If the  student makes the  correct  response (CAI ( i Q e e ,  touches r an  - 
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PART 0 

I 

I I  . I  

Figure 2, Flow chart  for t h e  construction of a c e l l  i n  the 
matrix construction t a sk ,  - 
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I n  the i n i t i a l  presentation i n  Part  A, t he  a r ray  of multiple-choice 

responses i s  designed t o  ident i fy  three  possible types of e r rors :  

1) 

2) 

3) 

I n i t i a l  un i t  correct; f inal  uni t  incorrect.  

Final  un i t  correct; i n i t i a l  un i t  incorrect a 

Both i n i t i a l  and f i n a l  uni t  incorrect .  

If, i n  Par t  A, t h e  student responds w i t h  fan  he i s  branched t o  remedial 

Par t  B where a t ten t ion  i s  focused on the i n i t i a l  un i t  of the  ce l l .  If a 

correct response i s  made i n  Part  B, the  student i s  returned t o  Part  A f o r  

a second attempt. If an incorrect response (WA) is  made i n  Pa r t  B, an 

arrow is  displayed on the  CRT t o  indicate  the correct response which the  

student i s  then asked t o  touch, 

I 

If ,  i n  Part  A, the  student responds w i t h  &, he i s  branched t o  

remedial. Part  C w:here addi t ional  ins t ruc t ion  i s  given on the  f i n a l  un i t  

of t he  c e l l .  The procedure i n  Part  C i s  similar t o  Par t  B, However, it 

should be noted tha t  i n  the  remedial ins t ruc t ion  the  i n i t i a l  l e t t e r  i s  

never pronounced by the audio system (Part  B), whereas the  f i n a l  uni t  i s  

always pronounced (Par t  C), 

then he has made an e r ro r  on both the i n i t i a l  and f i n a l  un i t  and i s  

branched through both Pa r t  B and Part  C, 

If ,  i n  Part  A, t he  student responds w i t h  pat, 

When the student re turns  t o  Part  A af ter  completing a remedial sec- 

t ion ,  a correct response w i l l  advance h i m  t o  Part  D as indicated. If a 

wrong answer response i s  made on the second pass, an arrow i s  placed 

beside the correct  response area and held there  u n t i l  a correct response 

i s  made. If the next response i s  s t i l l  an error ,  a message i s  sent t o  

the proctor terminal and the  sequence i s  repeated from the  beginning, 



When a student has made a correct response on Parts  A and D, he i s  

advanced t o  the  next word c e l l  of the matrix which has a problem format 

and sequence iden t i ca l  t o  that j u s t  described, The individual c e l l  

building i s  continued block by block u n t i l  the  matrix is  completeD The 

upper left-hand panel of Figure 4 indicates  the CRT display for adding 

the  next c e l l  i n  our example, The order i n  which row and column c e l l s  

a r e  added i s  e s sen t i a l ly  random, 

When the matrix i s  complete, the  rows and columns are  reordered and 

a c r i t e r ion  t e s t  i s  given over a l l  c e l l  en t r i e s ,  The t e s t  involves dis- 

playing the  f u l l  matrix a s  i l l u s t r a t e d  i n  the lower left-hand panel of 

Figure 4.. Randomized requests are made t o  the Student t o  ident i fy  c e l l  

en t r ies .  Since the  first pass through t h e  f u U  matrix i s  viewed as a 

c r i t e r ion  t e s t ,  no reinforcement is  given, Errors a re  categorized as 

i n i t i a l ,  f i n a l  and other; i f  t he  percentage of t o t a l  e r ro r s  on the c r i -  

t e r ion  t e s t  exceeds a predetermined value, then remedial exercises a re  

provided of the type shown i n  the  two right-hand panels of Figure 4. If 

a l l  t he  e r ro r s  a re  recorded i n  one category ( i n i t i a l  o r  f i n a l ) ,  only the 

remedial material  appropriate t o  tha t  category is  presentedo If the 

e r rors  a r e  d is t r ibu ted  over both categories, then both types of remedial 
* 

material  a r e  presented, 

d i a l  sections, t he  student i s  branched back f o r  a second pass through the  

c r i t e r ion  matrix, The second pass is  a teaching t r i a l  as opposed t o  the  

i n i t i a l  t e s t  cycleg the  student proceeds w i t h  the  standard correction and 

optimization routines, 

Aftel. working through one o r  both of the reme- 

T h i s  is only one example of t he  many d i f fe ren t  types of tasks used 

i n  the reading curriculum, but it indicates  the nature of the student- 

system interact ion,  What is  not i l l u s t r a t e d  by t h i s  example i s  the 
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po ten t i a l  f o r  long-term optimization pol ic ies  based on an extended response 

h is tory  from t h e  subject,  We sha l l  re turn t o  t h i s  topic  later. 

Problems i n  Implementing the  Curriculum 

Before turning t o  the  data  from last  year ’s  run, l e t  me consider 

b r i e f ly  the  problem of t r ans l a t ing  the  curriculum materials in to  a lan- 

guage that can be understood by the  computer, The par t icu lar  computer 

language we use i s  cal led Coursewriter 11, a language which w a s  developed 

by IBM i n  close collaboration with Stanford University, 

a series of Coursewriter I1 ccmands which cause the computer t o  display 

and manipulate t e x t  on the  CRT, posi t ion and  display f i lm  i n  the  projector,  

posi t ion and play audio messages, accept and evaluate keyboard and l i g h t  

pen responses, update the  performance record of each student, and imple- 

ment t he  branching log ic  of the  lesson flow by means of manipulating and 

referencing a set of switches and counters, A t yp ica l  lesson i n  the  

reading program, which takes  the  average student about 30 minutes t o  com- 

plete ,  requires  i n  excess of 9000 coursewriter commands for i ts  execution. 

A coded lesson is  

A simple example w i l l  i l l u s t r a t e  some of the complexitties of t h e  

coding problem. The example i s  from a t a sk  designed t o  teach both l e t t e r  

discrimination and the  meaning of wordso A picture  i l l u s t r a t i n g  the  word 

being taught i s  presented on the  projector  screen, Three words, including 

the word i l l u s t r a t e d ,  a r e  presented on the  @ET. A message i s  played on 

the  audio system asking the chi ld  t o  touch the  word on the  CRT tha t  matches 

the p ic ture  on the  f i l m  projector.  The student can then make h i s  response 

using the l i g h t  pen. If he makes no response within the specif ied t i m e  

l i m i t  of  30 seconds, he i s  t o l d  the  correct answer, an arrow points t o  it, 

and he i s  asked t o  touch it, If he makes a response within the time l i m i t ,  
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t he  point t h a t  he touches i s  compared by the  computer with the  correct-  

answer area. If he places the  l i g h t  pen within the  correct area, he i s  

t o l d  t h a t  he w a s  correct and goes on t o  the  next problem. 

w a s  not i n  the  correct area, it is  compared with the  area defined as a 

wrong answer. If h i s  response i s  within t h i s  area, he i s  t o l d  that it i s  

wrong, given the  correct answer, and asked t o  touch it. I f  h i s  i n i t i a l  

response was nei ther  i n  the  ant ic ipated wrong-answer area nor i n  the  

correct-answer area,  then the  student has made an undefined answer. He 

is  given the same message tha t  he would have heard had he touched a defined 

wrong answer; however, the response is  recorded on the  data record a s  unde- 

fined. The student t r i e s  again u n t i l  he makes the  correct response; he 

then goes on t o  the  next problem, 

If the  response 

To prepare an ins t ruc t iona l  sequence of t h i s  sor t ,  the programmer must 

write a de ta i led  l i s t  of commands f o r  t he  computer. He must a l so  record on 

an audio tape a l l  the  messages the  student might hear during the lesson i n  

approximately the  order i n  which they w i l l  occur. 

an address on the  tape and w i l l  be cal led f o r  and played when appropriate, 

Similarly a f i lm  s t r i p  i s  prepared with one frame for each picture  required 

i n  the  lesson, 

Each audio message has 

Each frame has an address and can be cal led f o r  i n  any order. 

Table 1 shows the audio messages and f i lm p ic tures  required f o r  two 

sample problems along w i t h  t he  hypothetical addresses on the audio tape and 

f i lm s t r i p .  

two examples of the  problems described above, analyze t h e  s tudent 's  responses, 

and record h i s  data  record, The l e f t  column i n  t h e  t ab le  l i s ts  the  ac tua l  

computer commands and the  r i g h t  column provides an explanation of each 

commando 

Listed i n  Table 2 a re  the computer commands required t o  present 
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Table 1 

Audio Scrip and Film Chips with Hypothetical Addresses 

Audio information 

Address Message 

AO1: 

A02: 

A03: 

A04 : 

A05: 

~ 0 6 :  

A07 : 

Touch and say the word that goes with the picture. 

Good. Bag. Do the next one. 

No. 

The word that goes with the picture is bag. 

say bag. 

Good. Card. Do the next one. 

No 

The word that goes with the picture is card.. Touch and 

say card. 

Touch and 

Film Strip 

Address Pi c tur e 

F01: Picture of a bag. 

F02: Picture of a card. 



TABLE 2 

Computer Commands Required t o  Present Two Examples 
of t he  Problem Described i n  the  Text 

. i t ' C ) l  

is'> j,l8/bat/ 

I A L  LE-' 30/ABCD1 

flD l / C 4  
TLD 1/s1 

AUP A04 

N 1/c1 
L2 Ali.> A92 

Explanation 

Problem: 

Load: 

Fi lm Position: 

Display Text: 
on the CRT. 

Displays "bag" on l i ne  7 s t a r t i ng  i n  column 18 on the CRT. 

Displays "rat" on l i ne  9 s tar t ing i n  column 18 on the CRT. 
Pudio Play: 

that  goes with the picture." 

Enter and Process: Activates the light-pen; specifies the time 
l imit  (30 see.) and the problem iden t i f i e r  (ABCD1) tha t  w i l l  
be placed i n  the data record along with a l l  responses t o  t h i s  
problem. 
computer skips from t h i s  command down t o  the CA (correct 
answer comparison) command. 
the time l i m i t ,  the commands himediately following the EP 
command are executed. 

Prepares machine f o r  beginning of new problem. 

Loads zero in to  the error switch (SI.). The role  of 
switches and counters will be explained l a t e r .  

Displays frame F01 (picture of a bag). 

Displays "bat" on l i ne  5 s tar t ing i n  column 18 

Plays audio message AO1. "Touch and say the word 

I f  a response i s  made within the time limit the 

If no response is made within 

Add: 

Loads one into the error switch (Sl). 
Plays message A04. 

Displays arrow on l ine 7, column 16 (arrow pointing a t  "bag"). 
Branch: Branches to  command labeled L1. The computer w i l l  now 

do that command and continue from that  point.  

Correct Answer: Compares student's response with an area one 
l i ne  high s tar t ing on l i ne  7 and three columns wide s tar t ing 
i n  column 18 of the CRT. I f  h i s  response falls  within t h i s  
area, it w i l l  be recorded i n  the data with the answer identi-  
f i e r  C1. When a correct answer has been made, the commands 
from heEdown t o  WA (wrong answer comparison) are executed. 
Then the program jumps ahead t o  the next W. If the response 
does not f a l l  i n  the correct area, the makhine skips from t h i s  
command down t o  the WA command. 

Adds one t o  the overtime counter (C4). 

"The word that goes with the picture is bag. 
Touch and say bag." 

Branches t o  command labeled L2 i f  the error switch (Sl) i s  

Adds one t o  the i n i t i a l  correct answer counter (Cl).  
Plays audio message A02. "Good. B a g .  Do the next one." 

equal t o  one. 

WA 1,5,3,l8/W1 
WA 1,9,3,18/W2} 

Wrong Answer: These two commands compare the student response 
with the areas of the two wrong answers, that is, the area one 
l i ne  high s tar t ing on l i ne  5 and three columns wide s tar t ing 
i n  column 18, and the area one l i n e  high s t a r t i ng  on l i ne  9 
and three columns wide s tar t ing i n  column 18. 
falls within one of these two areas, it w i l l  be recorded with 
the appropriate i den t i f i e r  (W1 or W2). 
answer has been made, the commands from hele down t o  UN (undefined 
answer) are executed. 
fo r  t h i s  problem. 
defined wrong answer areas, the machine skips from t h i s  command 
down t o  the UN command. 

I f  the response 

When a defined wrong 

Then the computer goes back t o  the EP 
I f  the response does not f a l l  i n  one of the 



TA3I;F1 2 (continued) 

Comands 

AD l/C2 
L3 LD 1/Sl 

AUP ~ 0 3  
AUP A04 

AD SIC3 
BR L3 

PR 

L4 EP 3O/ABCD2 

I AD l / C 4  
LD 11531 
AUP ~ 0 7  
DT 5,16/-j' 
BR L4 
CA 1,5,4,18/C2 
BR L5/Sl/S 
AD l / C l  

L5 AUP A05 

Explanation 

Adds one t o  the defined wrong answer counter (C2). 
Loads one in to  the error  switch (S l ) .  

Plays message A03. "NO." 

Plays message A04. 
Touch and say bag. I' 

Displays arrow on l ine  .7, column 16. 
Undefined Wrong Answer: 

"The word tha t  goes with the picture is 
bag. 

If machine reaches t h i s  point i n  the 
program, the student has made nei ther  a correct nor a defined 
wrong answer. 

Adds one t o  the undefined answer counter (C3). 
Branches t o  comand labeled L3. 

fo r  both UN and WA answers. 
commands from L3 down t o  UN.) 

(The same thing should be done 
This branch saves repeating the 

Prepares the machine for  next problem. 
These commands prepare the display fo r  the 2nd problem. Notice 

the new f i lm posit ion and new words displayed. 
was told t o  "do the next one" when he finished the l a s t  prob- 
lem so he needs no audio message t o  begin th i s .  

The student 

Light-pen i s  activated.  

These corrnnands are done only i f  no response is  made i n  the time 
l i m i t  of 30 seconds. 
connnand . Otherwise the machine skips t o  the CA 

Compares response w i t h  correct answer area. 
Adds one t o  the i n i t i a l  correct answer counter unless the error  

switch (Sl) shows tha t  an error has been made fo r  t h i s  problem. 
The student i s  told he i s  correct and goes on t o  the next proh- 
lem, 
been made. 

These commands are executed only if a correct answer has 

Compare response with defined wrong answer. 

Adds one t o  the defined wrong answer area and the error  switch 
(SI) is loaded with one t o  show tha t  an error  has been made 
on th i s  problem. The student is t o l d  he i s  wrong and shown 
the correct answer and asked t o  touch it. These commands are 
executed only i f  a defined wrong answer has been made. 

An undefined response has been made i f  the machine reaches this  
command. 

Adds one t o  the undefined answer counter and we branch up t o  give 
the same audio, e t c .  as  is given fo r  the defined wrong answer. 

The use of macros great ly  reduces the e f for t  required t o  present different  but 
For example, the above two problems could be presented basical ly  similar problems. 

i n  macro format as  follows: 
Problem 1: CM FW]FOl] bat ]bag]rat]A01]ABCDl~AO4 ]AO2]AO3]~]1,7,3,l8lCll 

P r o b l a  2: CM FWlF02 1 card] ca r t  1 hard] lABCD2 lAO71A051AO61 51 l15,4,I8IC21 

The command t o . c a l l  a macro is CM and PW i s  an a rb i t ra ry  two-character code for  the 
macro involving a picture-to-word match. Notice that i n  problem 2 there is no intro-  
ductory audio message; the "11" indicates tha t  t h i s  parameter is not t o  be f i l l e d  in .  



While a student i s  on the system, he may complete as many a s  5 t o  10 

problems of t h i s  type per minute. Obviously, i f  a l l  of the instruct ional  

material has t o  be coded i n  t h i s  d e t a i l  the task would be v i r tua l ly  impos- 

s ible .  Fortunately, there a re  ways of simplifying the  coding procedure if 

par t s  of the instruct ional  materials are  a l ike i n  format and d i f f e r  only 

i n  cer ta in  specified ways. For example, the two problems presented i n  

Table 2 d i f f e r  only i n  1) the f i lm display, 2)  the words presented on the 

CRT, 3) the  problem iden t i f i e r  f o r  the student 's  data record, 4) the 

three audio messages, 5) the  row display of the arrow, 6) the correct-  

answer area, and 7) the  correct-answer ident i f ie r .  This  s t r ing  of code 

can be defined once, given a two-letter name, and used l a t e r  by giving a 

one-line macro cornand, 

The use of macros cuts down great ly  the e f fo r t  required t o  present 

many d i f fe ren t  but basical ly  similar problems. For example, the  two prob- 

lems presented i n  Table 2 can be rewritten i n  macro format using only two 

l i n e s  of code: 

Problem 1: CM PW]FOl]bat]bag]rat]A01]ABCDllA04]A02]A03]7]1,7,3,18]Cll 

Problem 2 : CM Pw ] F02] card] car t  ] hard] ] ABCD2 ] A071 A051 A061 5 ] 1,5,4,18 1 C2  1 

The command t o  c a l l  a macro i s  CM and PW i s  an a rb i t r a ry  two-character 

code f o r  the  macro involving a picture-to-word match. Notice tha t  i n  prob- 

lem 2 there  i s  no introductory audio message; t he  " ] ] "  indicates t ha t  t h i s  

parameter i s  not t o  be f i l l e d  in.  

The macro capabi l i ty  of the source language has two d i s t inc t  advan- 

tages over code writ ten command by command. 

of coding. The c a l l  of one macro i s  obviously easier  than writing the 

The first i s  ease and speed 

comparable strin$ of code. The second advantage i s  increase i n  accuracy. 

20 



Not only a r e  coding e r r o r s  d r a s t i c a l l y  cur ta i led ,  but i f  the  macro i s  

defective or needs t o  be changed, every occurrence of it i n  the lesson 

coding can be corrected by modifying the  o r i g i n a l  macro; i n  general, t he  

code can s t ay  as it i s .  The more standard the  various problem formats, 

the  more valuable the macro capabi l i ty  becomes. 

standard introductory audio messages and display items, approximately 

92% of t h e  reading curriculum has been programmed using about 110 basic  

macros a 

Apart from a few non- 

A s  indicated i n  Table 2, a bank of switches and counters a re  defined 

i n  the  computer that  can be used t o  keep a running record on each student,  

There a r e  a su f f i c i en t  number of these r e g i s t e r s  so tha t  qu i te  sophis t i -  

cated schemes of optimization and accompanying branching are  possible ,  

Thus, one i s  i n  a posi t ion t o  present a se r i e s  of words and t o  optimize 

the number of correct  responses t o  some s t ipu la ted  c r i t e r i a ,  f o r  example, 

f i v e  consecutive correct  responses f o r  each of the words. Or one can 

se l ec t  from an a r r ay  of phrases choosing those phrases f o r  presentation 

tha t  have the  grea tes t  number of previous e r ro r s .  A s  a consequence of 

these decisions,  each student pursues a fundamentally d i f f e ren t  path 

through the  reading materials, 

Some Results from the  F i r s t  Year of Operation 

The Stanford C A I  Project  i s  being conducted at  the Brentwoad School 

i n  t h e  Ravenswood School D i s t r i c t  ( E a s t  Palo Alto, Cal i fornia)  

were several  reasons f o r  se lec t ing  t h i s  school. It had su f f i c i en t  popula- 

t i o n  t o  provide a sample of w e l l  over 100 f i r s t -grade  students.  

students were pr imari ly  from 9qcu l tu ra i ly  disadvantaged" homes. And the 

There 

The 
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past  performance of t h e  school 's  p r inc ipa l  and f acu l ty  had demonstrated 

a will ingness t o  undertake educational innovations. 

Computerized ins t ruc t ion  began i n  November of 1966 w i t h  half of the  

f i r s t -grade  students taking reading v i a  CAI and the  o ther  half, which 

functioned as a cont ro l  group, being taught reading by a teacher i n  t h e  

classroom. 

project,  f o r  they took mathematics f romthe  CAI system instead. The full 

analys is  of the  student data  i s  a tremendous task which i s  s t i l l  underway. 

However, a f e w  general  r e s u l t s  have already been tabulated t h a t  provide 

some measure of t he  program's success. 

The chi ldren i n  t h e  cont ro l  group were not l e f t  out  of t he  

Within the  lesson material there  i s  a cen t r a l  core of problems which 

These are problems over which each we have termed main-line problems. 

student m u s t  exhib i t  mastery i n  one form or another. 

may be branched around by successfully passing ce r t a in  screening tests 

o r  they may be met and successful ly  solved, or they  may be m e t  w i t h  incor- 

r e c t  responses i n  which case the  student i s  branched t o  remedial material .  

The first year of t he  project  ended w i t h  a difference between the  fastest 

and slowest student of over 4000 main-line problems completed. The cumu- 

l a t i v e  response curves f o r  the f a s t e s t ,  median and slowest students a re  

given i n  Figure 5.  Also of i n t e r e s t  i s  the rate of progress during the  

course of t he  year. 

completed per  hour on a month-by-month basis again f o r  t he  fastest, median 

and slowest student.  It i s  in t e re s t ing  t o  note tha t  t he  rate measure w a s  

e s s e n t i a l l y  constant over t i m e  f o r  the median and s l o w  students, but 

showed a steady increase f o r  t h e  fast student.  Whether t h i s  last result 

i s  unique t o  our pa r t i cu la r  curriculum, or w i l l  characterize C A I  programs 

i n  general  needs t o  be checked out i n  fu tu re  research. 

Main-line problems 

Figure 6 presents  the cumulative number of problems 
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From the  standpoint of both the  t o t a l  number of problems completed 

during t h e  year and rate of progress, it appears t h a t  the  CAI  curriculum 

i s  responsive t o  individual differences,  The differences noted above 

must not be confused with a var ia t ion  i n  r a t e  of response. The difference 

i n  response rate among students w a s  very s m a l l .  The average response rate 

was approximately four  per  minute and was not correlated with a s tudent ' s  

r a t e  of progress through the  curriculum, The differences i n  t o t a l  number 

of main-line problems completed can be accounted f o r  by t h e  amount of 

remedial material ,  t he  optimization routines,  and the  number of accelera- 

t i ons  f o r  the  d i f f e ren t  students,  

It has been a common finding t h a t  g i r l s  generally acquire reading 

s k i l l s  more rapidly than boys, The sex differences i n  reading performance 

have been a t t r ibu ted ,  a t  l e a s t  i n  par t ,  t o  the soc ia l  organization of t he  

classroom and t o  the  value and reward s t ruc tures  of t he  predominantly 

female primary grade teachers,  

grounds t h a t  f i r s t -grade  g i r l s  are more f a c i l e  i n  v i sua l  memorization than 

boys of t he  same age, and tha t  t h i s  f a c i l i t y  a ids  the  g i r l s  i n  the  s ight-  

word method of vocabulary acquis i t ion commonly used i n  basal readers,  If 

these two arguments a r e  correct ,  then one would expect t h a t  placing stu- 

dents i n  a C A I  environment and using a curriculum which emphasizes ana ly t ic  

s k i l l s  as opposed t o  ro t e  memorization, would minimize sex differences i n  

reading. I n  order t o  tes t  t h i s  hypothesis, t h e  rate of progress scores 

were s t a t i s t i c a l l y  evaluated f o r  sex e f f ec t s ,  The r e su l t ,  which w a s  ra ther  

It has a l so  been argued on developmental 

surprising, i s  t h a t  there  w a s  no difference between male and female stu- 

dents i n  rate of progress through the  CAT curriculum, 
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Sex differences however might be a f a c t o r  i n  accuracy of performance. 

To t e s t  t h i s  notion the  f i n a l  accuracy scores on four  standard problem 

types were examined. 

t h e  e n t i r e  curriculum, were Let te r  Ident i f ica t ion ,  Word L i s t  Learning, 

Matrix Construction, and Sentence Comprehension. On these four  tasks ,  

the  only difference between boys and g i r l s  t h a t  w a s  s t a t i s t i c a l l y  s ign i f -  

icant  at  the  0.05 l e v e l  w a s  f o r  word-list  learning. These r e su l t s ,  while 

by no means de f in i t i ve ,  do lend support t o  the  notion t h a t  when students 

a r e  removed from the  normal classroom environment and placed on a C A I  

program, boys perform as wel l  as g i r l s  i n  ove ra l l  r a t e  of progress, The 

r e s u l t s  a l so  suggest t h a t  i n  a C A I  environment the  sex difference i s  

minimized i n  proportion t o  the  emphasis on ana lys i s  r a the r  than ro t e  

memorization i n  the  learning task ,  The one problem type where the g i r l s  

achieved s ign i f i can t ly  higher scores than the  boys, word-list  learning, 

i s  e s s e n t i a l l y  a paired-associate learning task .  

The four problem types, which a r e  representat ive of 

A s  noted e a r l i e r ,  the  f i r s t -g rade r s  i n  our school were divided in to  

two groups. H a l f  of them received reading ins t ruc t ion  from the  CAI sys- 

tem; t h e  o ther  half  d id  not ( they  received mathematics ins t ruc t ion  instead)  . 
Both groups were t e s t e d  extensively using conventional instruments before 

the  project  began and again near t he  end of the  school year. The two 

groups were not s ign i f i can t ly  d i f f e ren t  a t  the  start of the year. Table 3 

presents  t he  r e s u l t s  f o r  some of t h e  t e s t s  t h a t  were administered a t  the  

end of t he  year. 

received reading in s t ruc t ion  v i a  CAI performed s ign i f i can t ly  b e t t e r  on a l l  

of the  pos t - t e s t s  except f o r  t he  comprehension subtest  of t he  Cal i fornia  

Achievement Test These r e s u l t s  a r e  most encouraging. Further, it should 

A s  inspection of the  t a b l e  w i l l  show, the group t h a t  
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Table 3 

Po&-Tests Results for Experimental And Control Groups 

Test Ty-pe Experimental Control p-value 

California Achievement Test 

Vocabulmy 51.87 42.10 c.01 

Comprehension 48.20 49.00 --e- 

Total 

Hartley Reading Test 

Form Class 

Vocabulary 

Phonetic Discrimination 

Pronunciation 

Nonsense Word 

word 

Recognition 

Nonsense Word 

Word 

53.14 

11.22 

19.38 
-n 

30.88 

6.03 

9.95 

18.43 

19.61 

' 43.55 

9.00. 

17 a 0 5  

25.15. 

2.30 

5.95 

15.25 

16.60 

c.01 

c.05 ' 

<.01 

c.01 

c.01 

K.01 
- 

c.01 

c.01 
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be noted t h a t  at  l e a s t  some of the  f ac to r s  t h a t  might r e s u l t  i n  a 

Hawthorne Phenomenon" a r e  not present here; t he  "control" group w a s  11 

exposed t o  C A I  experience i n  t h e i r  mathematics ins t ruc t ion .  While t h a t  

may leave room f o r  some e f f e c t s  i n  t h e i r  reading, it does remove the  chief 

objection, since these students a l so  had reason t o  f e e l  t h a t  spec ia l  

a t t e n t i o n  w a s  being given t o  them. It i s  of i n t e r e s t  t o  note t h a t  the  

average Stanford-Binet IqQo score f o r  these students (both experimental 

and control  ) i s  89, 

and large,  not exceptional o r  g i f t ed  children. 

While considerable va r i a t ion  ex i s t s ,  these a re ,  by 

3 

Owing t o  systems and hardware d i f f i c u l t i e s ,  our program w a s  not i n  

I n i t i a l l y ,  students were f u l l  operation u n t i l  l a t e  i n  November of 1966. 

given a r e l a t i v e l y  b r i e f  period of time per day on the terminals.  This 

period w a s  increased t o  20 minutes a f t e r  the first s i x  weeks; i n  the  last  

month we allowed students t o  s t ay  on the  terminal 30 t o  35 minutes. We 

wished t o  f i n d  out how well  f i r s t -grade  students would adapt t o  such long 

periods of time. They adapt qu i te  well, and next year we plan t o  use 30- 

minute periods f o r  a l l  students throughout the  year.  

long session f o r  a f i r s t -g rade r ,  but our observations suggest t h a t  t h e i r  

This may seem l i k e  a 

span of a t t e n t i o n  i s  wel l  over a half  hour i f  the  in s t ruc t iona l  sequence 

i s  dynamic and responsive t o  t h e i r  inputs ,  This yea r ' s  students had a 

r e l a t i v e l y  small number of t o t a l  hours on the  system. We hope t h a t  by 

beginning i n  t h e  e a r l y  f a l l  and using half-hour periods, we w i l l  be able  

t o  give each student a t  l e a s t  80 t o  90 hours on t h e  terminals next year. 

3More d e t a i l s  on these and o the r  analyses may be found i n  Wflson and 
Atkinson (1967) 
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I do not have t i m e  t o  discuss  t h e  social-psychological e f f e c t s  of 

introducing C A I  i n t o  an ac tua l  school se t t ing .  There i s  a report  on t h i s  

topic ,  however, and it i s  f a i r  t o  say i n  surnmary t h a t  the  students, teach- 

ers, and parents were qui te  favorable t o  the  program (Atkinson, 1967). 

Nor w i l l  t i m e  permit a discussion of some of the  more in t e re s t ing  

data  dealing with t h e  evaluation of various optimization rout ines  t h a t  

were used i n  t h i s  year ’s  program. I n  some cases, these optimization pro- 

cedures were based on sophis t icated mathematical models of t he  learning 

processes involved, and yielded complex decision procedures that  could 

only be implemented using a computer. I n  o ther  p a r t s  of the curriculum 

we selected procedures that  were not based on learning-theoretic consider- 

a t ions,  but were simply our best  guess as t o  what we thought might be an 

optimal pol icy f o r  making branching decisions among ins t ruc t iona l  materials.  

Analyses of t he  data on optimal learning sequences have been informative 

and have suggested a number of experiments t ha t  need t o  be car r ied  out t h i s  

year. It i s  my hope tha t  such analyses, combined w i t h  the po ten t i a l  f o r  

educational research under t h e  highly controlled conditions offered by CAI, 

w i l l  l ay  the groundwork f o r  a theory of ins t ruc t ion  t h a t  i s  t r u l y  useful  

t o  the  educator. 

highly s t ructured model of t he  learning process, and must generate opt i -  

4 

I 

Such a theory of ins t ruc t ion  w i l l  have t o  be based on a 

mization s t r a t eg ie s  t h a t  a re  compatible w i t h  the  goals of education. The 

development of a viable  theory of ins t ruc t ion  i s  a major s c i e n t i f i c  under- 

taking, but one tha t  cannot be ignored much longer by psychologists. Sub- 

s t a n t i a l  progress i n  t h i s  d i rec t ion  could w e l l  be one of psychology‘s most 

important contributions t o  society 

The learning models and optimization methods t h a t  underlie much of 4 
t he  C A I  reading program a re  discussed i n  Atkinson and S h i f f r i n  (1968), 
Atkinson, Bower and Crothers (1965) and Groen and Atkinson (1966). 
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